Abstract: Concentration is among the key indicators of market structure. The number of manufacturers and distribution of market between firms with
Introduction
The automotive industry is one of the most important industries creating added value in the economy of any country. Due to the former and latter loops and extensive supply chain, the automotive industry is considered as a strategic mother industry in some countries. This industry has a great potential for job creation and plays effective role in the economic, social and cultural developments. Iran's automotive industry has experienced important periods from the beginning to now. During the first period from 1957 to 1980, the focus was on car assembling by the private sectors with the collaboration of foreign companies. During the second period from 1980 to 1990, the car industry was suffering from a severe recession because of Islamic revolution and war and its complications. The third period from 1990 to 2005 was associated with development of car industry with the import substitution strategy. At this time, self-sufficiency and increased domestic production were followed so that other issues such as quality, fuel economy, emissions, and even price were somewhat neglected. During the fourth period from 2005 to 2011, car production capacity reached one million cars in 2005 and Iran was known as an automaker in the world. This trend continued until 2011 and the car production capacity reached over one million and six hundred thousand cars and Iran obtained the thirteenth place in terms of production growth in the world. But various problems and failure of some new vehicles on the market, the shock caused by discontinued Peikan production in Iran Khodro, domestic inflation and fluctuations in the provision of banking facilities, sanctions and privatization problems in various industries in this period played an important role in reducing car production in Iran.
Automotive industry includes a major part of economic activities and is linked to other sections of the economy. In many countries, the development of automotive industry has received much attention as a best ways to reach fast industrial growth due to its broad scope and chains. The existence and survival of this industry can be one of the most important means of achieving the desired goals due to its wide economic effects such as the relatively high potential to create jobs and value added and in some cases the leading role in the economic development of countries. Today, most developing countries are trying to have a greater presence in the automotive industry using manufacturing facilities and resources. Iran is among the countries took various measures in the automotive industry during recent years (Esmailnia, 1996, 67-68) .
Due to the critical role of the automotive industry in the economic growth, the present paper examines the background of the market structure reviewing domestic and international studies. According to theoretical backgrounds, the structure of the automotive market is evaluated to determine the degree of monopoly or market competition. For this purpose, the concentration ratio, Herfindahl-Hirschman index, Hall-Tiedman index, comprehensive industrial concentration index, Hannah-Kay index and entropy are used to evaluate the market structure. The experimental results are presented and then concluding remarks are provided.
Literature review
There are numerous studies on monopoly power, the degree of competition and monopoly in the markets and determination of market structure. There are substantial applied studies on the structure of markets and measuring the degree of competition and monopoly in Iran. Some domestic studies were conducted by Khodadad Kashi (2000) , Abu Nouri and Samani (2002), Bakhshi (2003), Khodadad Kashi and Dehghani (2003) , Jalalabadi and Mirjalili (2007) , Mousavi Jahromi et al (2009), Memarnejad et al (200) , Shahikitash (2013) . The following table summarizes the domestic studies on the market structure.
Many economists proposed indicators and criteria to calculate the degree of competition. Here, we review some applied research. Miljković et al (2013) examined the market concentration in the banking sector of Serbia using the interaction parameters, concentration ratio of establishment k, Gini coefficient and Herfindahl-Hirschman index. The experimental results include property concentration, assets, loans, deposits, interest income and profit (loss) before tax, and comparative analysis with other countries in Central, Eastern and Southern Europe. Kramaric and Tomislava (2012) analyzed the market structure and degree of concentration in the insurance market in the new EU member states using concentration ratio of establishment k, Herfindahl-Hirschman index and entropy. The results showed that the concentration level in all countries was significantly reduced with different intensities. However, a very high level of concentration remained in some countries. Macit (2012) examined the concentration and competition in the Turkish banking sector during 2005 to 2010 using empirical evidence, concentration ratio of establishment k and Herfindahl-Hirschman index. According to Macit, the degree of concentration did to not show a significant change since 2005 so that monopolistic competition and the degree of competition declined in the Turkish banking sector during the study period. Sharma and Bal (2010) examined the market concentration in the Indian banking sector using concentration ratio of establishment k, HerfindahlHirschman index, entropy, comprehensive industrial concentration index and Gini coefficient. The results showed that various concentration ratios decreased over the study period reflecting the higher degree of competition in India. Claessens and Djankov (1999) examined privatization plans in Czech Republic. The sample consisted of 706 firms in the Czech Republic from 1992 to 1997. They found that when property concentration increases, firm profitability and productive power of labor will increase. Feeny and Rogers (1999) conducted a study entitled "market shareconcentration and diversity in firm profitability" to evaluate the performance of Australian firms. They empirically analyzed the profitability of 722 large Australian firms during 1993-1996. According to Feeny et al, the industry concentration index (CR 4 ) has a positive impact on profitability. Irandoust (1999) empirically examined the impact of foreign competition on the market structure and barriers to entry in business performance in the automotive industry. The results showed that in most countries, the market share of exporters is dependent on the relative costs of labor, differences in income levels and differences in market structure.
The results of various studies show that more than three concentration indexes (concentration ratio, Herfindahl-Hirschman and entropy) have been used to identify the market structure.
Methodology
The market concentration is distribution of market between different firms. In other words, market concentration implies how much of the total production in the market for a given product is assigned to the limited number of large firms. To measure the concentration in a market or a particular industry, the number of firms and their relative size should be considered. An industry with fewer firms is more concentrated. In contrast, the degree of concentration will be higher when the market is not uniformly distributed between the firms. In fact, concentration is a direct function of market distribution inequality (I) and a decreasing function of the number of firms (n), i.e. c = f (I, n) (Khodadad Kashi, 2000, 85) . 
Concentration Ratio of Establishment k
Due to simplicity and limited data requirements to calculate the concentration ratio of establishment k, it is one of the most widely used indexes for concentration calculations. To calculate this index, the sum of the market share of the K largest firms in the market should be calculated.
Where, K is the number of leading firms with the same weight. Even if small firms are active in the market, they are not included in the calculations. There are no specific rules for determining the K value. The concentration ratio can be regarded as a point on the concentration curve. The index ranges between zero (equal to the number of many firms) and one (the percentage share of a firm).
Herfindahl-Hirschman Index (HHI)
HHI is a basis for evaluating the development degree of concentration indexes. Herfindahl-Hirschman index is one of the most widely used concentration criteria in the theoretical literature. Many countries including the United States use this index to implement anti-competitive laws. The Herfindahl-Hirschman index is defined as follows:
In which the sum of squared size of firms is considered as the share of each firm. According to Eq. (2), a greater weight is assigned to larger firms. Contrary to the previous index, all firms are included in calculations. The index ranges from 1/n (when all firms are equal in market size) and 1 (when the firms operate monopolistically in the market).
Hall-Tiedman Index (HTI)
The concentration indexes developed by Hall-Tiedman (1976) and Rosen (1955) are similar in terms of form and structure. The number of firms represents the requirements to enter an industry. It is essential to include them in the calculation of concentration indexes. The Hall-Tiedman index is defined as follows:
To emphasize the absolute value of firms, the share of each firm is considered to be equal to its rank. A weight of i=1 is assigned to the largest firm. HTI ranges from zero (for an unlimited number of equal-sized firms) and one (when the firm operates monopolistically in the market). Like Herfindahl-Hirschman index, the Hall-Tiedman index is equal to 1/n for an industry with n equal-sized firms.
Comprehensive Industrial Concentration Index (CCI)
The comprehensive industrial concentration index (CCI) is obtained from discussion on the distribution or concentration of firms in various industries. Despite a general consensus on the dominant role of a small number of the largest firms in determining the behavior of the industry, the criteria for concentration of market share have been criticized due to ignoring the changes in market structure between large firms. In fact, the share inequality criteria, Lerner curve and Gini coefficient underestimate the importance of large firms in the industry. To overcome the inefficiency of the previous indexes, Hurat (1970) introduced comprehensive industrial concentration index (CCI). CCI allows the calculation of relative distribution of each firm's market share and its absolute size simultaneously. CCI is obtained from the following equation:
According to Eq. (4), CCI is the sum of the relative share of the leading firms and the sum of the squares of the relative size of firms with a weight equal to the relative size of other firms in the industry. When the firms operate in monopolistic manner, CCI is equal to one. Compared to Herfindahl-Hirschman index, CCI is more sensitive to the changes in the market share of small firms. Therefore, CCI is more suitable to calculate the concentration in the cartel-like markets.
Hannah-Kay Index
Hannah-Kay concentration index is defined as follows:
In which sensitivity and a certain amount of the market share are used to represent the researcher's view of the changes in concentration as a result of the entry and exit of firms and the contribution of facilities among different companies in the target market. The proper selection of α facilitates the selection of proper market structure to emphasize the upper and lower tails of the distribution of firm size. In addition to the distribution of firms in the market, the index is also sensitive to α. If α approaches zero, the index will be equal to the number of firms in the industry. If α approaches infinity, then HKI will converge to the market share of the largest firms. Hannah and Kay (1977) showed that the entry of a firm with a size equal to the effective average size of existing firm results in the greatest drop in the concentration index. With the entry of firms with a size larger than the effective average size of the firms in the industry, the percent reduction in the concentration index becomes smaller. The development of firms with a size larger than the effective average size will increase HKI. In contrast, the development of firms with a size smaller than the effective average size will decrease HKI.
Entropy
Entropy roots in information theory in which the expected distribution of information is included in the calculations. Entropy is defined as follows: log . Entropy is inversely related to the degree of concentration. If the target market is in full monopoly, entropy will approach zero. When the market shares of all firms are equal and the concentration is at the lowest possible level, entropy will be at its highest level equal to n E 10 log = . Assuming constant number of firms in market, with an increase in inequality between firms, the entropy will decrease. On the contrary, Kuaka (1982) found that the increase in the firm's market share will decrease entropy. Table ( 2) compares various concentration indexes. 
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THE EQUIVALENT NUMBER OF FIRMS IS CALCULATED AS FOLLOWS:
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Source: Shahikitash (2011) 
Results and discussion
The number of active firms in the Iranian automotive industry in 1996 was six firms including Iran Khodro, Bahman Khodro, Pars Khordo, Saipa, Kerman Motors and Morattab. Iran Khodro was the leading firm in the automotive market with a market share of about 70% among other automotive companies. Saipa held the second place with a share of about 20%. The third largest producer of cars was Pars Khordo with a share of about 5.5%. Bahman Khordo was in the fourth place with a share of about 3%. Kerman Motors and Morattab had less than 1% of the automotive market share. In 2011, Morattab, Bam Khodro and Zagros Khodro did not manufacture cars. Accordingly, the number of active companies declined to seven firms. With an increase of about 5.1 times in the total car production, the market share of Iran Khodro as the first car manufacturer increased by more than 1.5% and reached about 43%. The market share of Saipa as the second car manufacturer decreased more than 3% and reached about 36.7%. The market share of Pars Khordo as the third car manufacturer increased by about 2% and reached 18%. The market share of Bahman Khodro and Modiran Khodro reached 1.5 and 1.1%, respectively. The total market share of other manufacturers was less than 2%. Tables 3 and 4 summarize the firms' sales and the share of active firms in the field of car sales in Iran. 
Classification of markets
Markets can be divided into different groups depending on the degree of concentration. The classification is related to the intensity of competition or monopoly and concentration levels. Higher concentration, higher market monopolization. In contrast, smaller concentration means a more competitive market. If a company has a market share of 100%, pure monopoly dominates the market. If a firm has a market share of 50-100%, the firm dominates the market and demand for firm's products will be inelastic. If the leading four firms have a market share of 60-100%, hard oligopoly dominates the market and firms easily collaborate to determine the price and quantity. In this case, demand in the market is inelastic. In a loose oligopolistic market, four leading firms have a market share of less than 40 %. Thus, coalition and cooperate on pricing and production quantity is impossible. If a large number of competitors exist in the market and none of them have more than 10% of the market share, the market is in monopolistic competition. If there are more than 50 firms in the market and none of them have a significant market share, the market is in pure competition as shown in Table 5 .
Table 5: Classification of markets
Market Conditions Market Type
A firm has a market share of 100%. Pure monopoly A firm has a market share of 50-100%. There is no competitor and demand for firm's products is inelastic. Dominant firm Four leading firms have a share market of 60-100%. They easily cooperate to determine prices and production rate. Thus, demand is inelastic.
Hard oligopoly
Four leading firms have a share market of less than 40%. Coalition and cooperate on pricing and production quantity is impossible. Loose oligopoly There are many competitors in the market and none of them have a market share of more than 10%.
Monopolistic competition
There are more than 50 competitors in the market and none of them have a significant market share. Pure competition Source: Khodadad Kashi (2001) 
Calculation of Concentration Indexes
Using data in Table ( 3), we examine the market structure and the degree of competition in the automotive market using the concentration ratio, Herfindahl-Hirschman index, Hall-Tiedman index, comprehensive industrial concentration index and entropy and Hannah-Kay index. The results are shown in the following tables. Table 8 shows the concentration ratio of four leading firms in terms of car sales in 1996, 2001, 2006 and 2011 . The concentration ratio (CR 1 CR 1 ) decreased from about 70% in 1996 to about 43% in 2011. With a dramatic decrease of Iran Khodro's market share, the automotive market got out the dominant firm status. According to the concentration ratio of two top firms (CR 2 CR 2 ) in 1996, Iran Khodro and Saipa had a market share of 90.26% in 1996. This indicates an effective monopoly in the automotive market in 1996.
In 2001, the concentration ratio of two top firms (CR 2 CR 2 ) experienced a slight decrease and reached about 89.92%. The concentration ratio of two firms was still high. But the concentration ratio of the four top firms (CR 2 CR 2 ) experienced no significant change. With a dramatic reduction of 9% in the concentration ratio of two top firms in 2006, the index reached about 81%. Nonetheless, there was still a high concentration in the automotive market.
The concentration ratio of the two top firms decreased to about 79.4% in 2011, but the concentration was still extremely high. The concentration ratio of four top firms remained constant at about 99% indicating the dramatic decrease in the concentration ratio of two top firms in 2011. Although the market remained highly concentrated in effective monopoly status, the concentration ratio of four top firms (CR 4 CR 4 ) showed small fluctuations around 99%. Accordingly, the concentration ratio of the four top firms did not change significantly during the study period. Given the concentration ratio of more than 60%, there is a hard oligopolistic market and firms can easily determine the price and production quantity. The Herfindahl-Hirschman index (HHI) was 5354 in 1996. Since HHI is greater than 1800, hard oligopoly dominates the market. HHI decreased to 4690 in 2001. There is a decreasing trend in later years so that HHI experienced a significant reduction with entering new firms and reduced market share of the largest firms and reached 3564. Due to the reduced number of active firms and reduced market share of leading enterprises in 2011, the index fell to 3491 indicting the reduced market size of large firms. Since HHI is greater than 1800, despite the increased HHI, hard oligopoly still dominates the market. To get out of an effective monopoly status, HHI should be further reduced. Hall-Tiedman Index (HTI) ranges from zero (for an unlimited number of equalsized firms) to one (when the firm operates monopolistically in the market). HTI for the automotive market was approximately 0.52 in 1996 and reduced 0.47 in 2001. The decline continued in 2006 and HTI reached 0.37. HTI experienced a slight increase and reached 0.38 in 2011. Since HTI is more sensitive to smaller firms, the reductions in HTI indicate the reduced monopoly in larger firms and increased market share of small firms. Considering high HTI value, despite decline in HTI, the market is still monopolistic and a high degree of concentration dominates the market. Hannah-Kay index (HKI) uses sensitivity and a certain amount of market share to represent the researcher's view of the changes in concentration as a result of the entry and exit of firms and the share of facilities among various firms in the target market. If α approaches zero, HKI will be equal to the number of firms in the industry. If it approaches infinity, then HKI will converge to the market share of the largest firms. Here, we consider three values for α. In 1996, HKI was equal to 3.136 (α=0.6). HKI increased during the study period. This increase continued until 2006 and reached about 3.852. HKI reduced in 2011 and reached about 3.653. When α=1.5, HKI decreases as compared with α=0.6. In 1996, HKI was 2.063 and increased during the study period and reached 2.978 in 2011. According to Table 4-10, the higher α, lower HKI. For α=2.5, HKI was1.756 in 1996 and reached to 2.794 in 2011. As α approaches zero, HKI approaches the number of firms in the automotive industry. For higher α values, HKI decreases and approaches the market share of larger firms. Entropy is inversely related to the degree of concentration. Entropy was about 1.296 in 1996. Entropy increased over the years and reached about 1.679 in 2011. Entropies closer to zero indicates the full monopoly of the market. When the index is at its highest value, the market share of firms is equal and market concentration is at lowest possible value. The market was very close to full monopoly in 1996. Monopoly was reduced over the years and thus the degree of concentration in the market reduced. But there is still a high concentration in the automotive market.
Conclusions
The present study examined the degree of concentration in the Iranian car market according to the company's sales in 1996, 2001, 2006 and 2011 using concentration ratio, Herfindahl-Hirschman, Hall-Tiedman, comprehensive industrial concentration index, entropy and Hannah-Kay index. Results of average periods showed that: According to the concentration ratio of the four top firms, they had a market share of about 99% during the study period. This shows a hard oligopolistic market. The concentration ratio was not significantly changed during the study period. Herfindahl-Hirschman index with a mean value of 4275 was greater than 1800 during the study period. It can be concluded that an oligopolistic structure dominates the automotive industry. The average index of Hall-Tiedman, industrial concentration comprehensive, Hannah-Kay and Entropy is 0.437, 0.741, 2.33 and 1.52, respectively; that all of them showed that there is effective monopoly in this market. Accordingly, firms are able to fix desired prices through alliances and partnerships to overcome inelastic demand. According to Hall-Tiedman index, comprehensive industrial concentration index and entropy, although calculations show a reduction of concentration inequalities among car manufacturers during the study period, the numerical values of these indexes indicate a very high concentration in the market. Finally, it can be concluded that the automotive market in Iran is highly concentrated. The main reasons for market monopoly include government support of automakers, heavily tariffs on imported vehicles and duties on imports of automotive parts. This would result in a lack of competition in the automotive market. In the following is mentioned some policy suggestions:
1-The result of concentration index showed that average of concentration coefficient and Herfindahl-Hirschman index in this industry is 99 and 4275 respectively. Therefore recommended that National Center of Competition, follow appropriate pattern for reducing the monopoly coefficient and barriers of entry to this industry. 2-The findings of this study showed that competition coefficient in autoindustry of Iran is little and lack of competition leads to technical inefficiency and increasing price of manufactured outputs. So, suggested that reduce tariffs to increase competition in this market with foreign firms. It should be noted that this requires comprehensive program of 5 to 10 years old. 3-Macro-investment in establishment training and research centers and use of experts "in fields of technical and management tasks" are very effective in long run. 4-Integration of auto-industry; which requires the firms be in same level based on financial situation of the clients and predominate in decision making and implementation. Although integration, leading to reducing cost of research and extension of sale market, but by creating the necessary measures and use the tariff tool by government, we can provide competitive space and will prevent from immethodical import and production of poor-quality cars in the our country.
